Objectives: Traditional training of electroconvulsive therapy (ECT) consists of a combination of didactic and hands-on demonstrations using ECT equipment. Our goal was to explore the potential of a high-fidelity patient simulator (HPS) to train these skills. To our knowledge, this is the first time an HPS has been used for skills training in psychiatry.
lectroconvulsive therapy (ECT) is a safe and effective treatment for many patients with major psychiatric disorders. The Canadian Network for Mood and Anxiety Treatments guidelines 1 recommends ECT as a first-line therapy for patients who are severely ill with mood disorders and a second-line treatment option for patients who are treatment resistant or unable to tolerate medication. According to the Canadian Electroconvulsive Therapy Survey 2 conducted between 2007 and 2009, 175 providers of ECT in Canada deliver approximately 75,000 ECT treatments, annually. Although evidence for the efficacy of ECT is impressive, there seems to be a dearth of data for the effectiveness of training programs for clinicians in developing skills to perform ECT.
In 1986, Rothman 3 stated, ''No other treatment deemed effective is so much the stepchild in training as ECT, a fact which again reduces its legitimacy among psychiatrists, other physicians, and then by extension, the public.'' In 1990, a survey done by Jaffe et al 4 of senior psychiatric residents in the United States showed that only 7% of respondents felt comfortable performing unsupervised ECT. In 1991, a Canadian survey of senior residents conducted by Goldbloom and Kussin 5 found that only 25% of 158 respondents felt they could perform the procedure independently, and 20% had never administered ECT. They concluded that ''training in the theory and administration of ECT in the United States and the United Kingdom has been substandard and erratic'' and recommended the need to set academic standards. Subsequently, guidelines have been published in Canada and the United States with respect to ECT training in psychiatry residency programs. An evaluation of the impact of these guidelines was published by Yuzda et al 6 in 2002, assessing training and attitudes of 133 final-year Canadian psychiatric residents toward ECT. Although 88% of the respondents felt that ECT training should be mandatory during residency training, no marked improvement was shown in level of competence in administering ECT compared with earlier surveys. Despite the fact that 59.3% anticipated working in an inpatient unit, only 18% of respondents felt completely competent administering ECT. The guidelines had apparently made little impact on training in and attitudes toward ECT, with very few feeling competent to administer ECT after completing their training. The bar for residency training programs in psychiatry for ECT is set fairly low as outlined in the 2007 American accreditation standards, which require that trainees are competent in ''understanding the indications and uses'' of ECT. 7 The outcome of such standards is reflected in a study published in 2010 8 of a survey of the quality of training residents received in ECT within 91 US training programs compared with the standards recommended by the American Psychiatric Association's Task Force on ECT in 2001. 9 Few programs met the recommended standards of training in ECT. Most programs reported less than 4 hours of lectures, 75%
reported ''some clinical exposure,'' and 37% reported that residents participated in 10 ECTs or less, and 27% reported residents caring for fewer than 5 ECT patients. This phenomenon is observed internationally. A 2008 survey of psychiatric residents in Ireland revealed deficiencies in ECT training and supervision. Twelve percent of trainees had never administered or observed ECT, and 19% of trainees had minimal or no confidence in their ability to administer ECT. 10 In another survey of 490 Irish psychiatrists who prescribe ECT, 35% felt the need for further training. 11 The unmet needs with respect to training and credentialing for skills in performing ECT are well summarized by Jaffe 12 in his 2005 editorial. Clothier et al 13 explored attitudes and basic knowledge of second-year medical students in the United States and found them to have generally negative attitude with poor level of basic knowledge about ECT largely influenced by films. Interestingly, the group that described themselves as highly knowledgeable about psychiatric illness had a greater bias against ECT. The stigma among medical students and residents on ECT appears to lessen with greater exposure to training and knowledge, highlighting the importance of initiating these interventions during the formative years of one's training. 14, 15 Rationale for the Current Study Currently, ECT skills and knowledge are taught at national and international courses by a combination of didactic and hands-on demonstrations of routine ECT equipment. Moreover, even though some jurisdictions require evidence of prior experience or training in ECT, there is no standardized method available for assessing trainees' competence in performing these skills. With limited clinical exposure and training in ECT, current and future generations of psychiatrists are potentially more likely to compromise patient safety and expose patients to increased risk of complications while performing ECT in the absence of a standardized and valid approach to training and assessment.
Trainees are often taught ECT skills during the normal course of providing care to live patients. During this process, novice trainees are often intercepted by experienced clinical staff, especially when the trainee encounters any difficulty. As a result, the trainee is often relegated to being told what to do or to learning by observation only. Active learning is therefore inhibited as the cycle of participation, reflection, interpretation, testing, and integration into a new skill and knowledge acquisition is fragmented. Learning in this setting is therefore very comparable to learning during crises in the clinical setting.
Within psychiatry, ECT is the most invasive procedure requiring a very high level of skill and proficiency in its users. It is postulated that the advantages of the use of simulation in anesthesia and surgery are also applicable to the training, evaluation of proficiency, and maintenance of skills in the use of ECT. The present study is designed to compare the effect of 2 methods of training on ECT. The outcome measure includes the acquisition of skills, knowledge, and confidence in performing this important technique. To our knowledge, this is the first such study of its kind using patient simulators to address this unmet need.
Research Questions
The primary research question we attempted to answer was: Does hands-on practice lead to better performance in ECT skills, as assessed using a high-fidelity patient simulator (HPS) and a standardized assessment scale (ECT-OSATS) (Objective Structured Assessment of Technical Skills)? Two secondary research questions were also considered: (1) Will this training lead to improved confidence in considering ECT for treatment when clinically indicated? (2) Will knowledge of ECT be significantly enhanced as measured by on a pretest and compared with a posttest on multiple choice questions?
Hypothesis
Our hypothesis was that, compared with traditional training methods, HPS-based training would improve acquisition of ECT skills. In addition, it would allow residents to feel more confident and knowledgeable in considering ECT as a treatment option when clinically indicated.
MATERIALS AND METHODS

Study Participants
This study took place at the University of Ottawa Skills and Simulation Centre (uOSSC). Two cohorts of residents in psychiatry from the University of Ottawa training program were voluntarily recruited and participated in this study. Because of logistical reasons, only 19 of the expected 24 residents were able to participate on the actual study day. All 19 residents were given the opportunity to learn about the study and ask questions to their satisfaction before enrolment. This study was approved by The Ottawa Hospital Research Ethics Board. All participants received an information session and letter outlining the proposed research and signed an informed consent form before enrollment in the study. Following completion of the study, all residents were offered debriefing, and members of the control group were offered the opportunity to receive ECT training using the HPS. To reduce the risk of pretest contamination during the study, scrupulous attention was paid to ensure that the only variable between the 2 groups was the type of training each group received before the testing procedure. The following measures were taken to control for all other independent variables: (1) To familiarize all the residents to the physical layout of the uOSSC, a group orientation of the center was conducted by a nonstudy staff member. (2) At this time, all residents also received general exposure to the HPS, including a hands-on demonstration of the various uses of HPS for nonYECT-related training. The HPS were capable of ''communicating'' with the participants through embedded speakers and microphones. The exact same HPSs were later used to carry out the study protocol. At this time, each of the 19 residents was randomly assigned by an independent third party to a control or experimental group. (3) As part of the consent procedure for the study, each resident had expressly agreed to refrain from discussing their experience with other residents during the course of the study day. (4) Residents were not randomized until just before the study portion of the day. (5) Once randomized, the 2 groups were immediately and completely segregated until the end of the study period, including having separate areas for their nourishment breaks and washroom facilities. (6) When residents were waiting their turn to be trained or examined, they were given the opportunity to watch the movie, ''One Flew Over the Cuckoo's Nest'' 17 and the TED talk on ECT. 18 The 2 presentations were neutral to the outcome of the study and served a dual purpose. The primary purpose was to reduce the risk of contaminating the study by limiting opportunities for residents to discuss their experiences before undergoing testing. The secondary purpose was to maintain the educational theme related to ECT and educate them about the stigma associated with ECT from a past and present era. (7) The randomization codes were available to only one of the authors who had no direct role in either teaching or testing the residents. (8) Strict adherence to the study protocol was maintained by the 5 teaching faculty members. (9) They met several times in advance to plan the sessions and became very familiar with the manikins, protocols, rating scales, and equipment. (10) Over numerous sessions, all of the trainers and raters developed excellent interrater reliability. (11) Three of the 5 teaching faculty members were totally blinded with respect to the resident training status, that is, control or experimental. (12) Only the blinded raters who were not involved with the training portion of the study were responsible for the ECT-OSATS testing portion of the study.
As is traditionally taught at the national and international ECT courses, the control group received skills training in small groups on scalp preparation, electrode placement, ECT equipment, and interpretation of electroencephalographic strips. The control group was taught by 3 faculty members who were blinded to the HPS portion of the study protocol. The experimental group received HPS-based training sessions of equal duration by specially trained faculty. Both groups of trainees were tested to assess acquisition of technical skills and knowledge of ECT, immediately after ECT training. During the assessment phase, the HPS was used in conjunction with actors who represented team members from anesthesia and nursing. This made it possible to capture the domains of respect, communication, and professionalism in the primary outcome measure. The testing for all candidates was performed by blinded raters using newly developed standardized ECT tests consisting of an ECT-Checklist and a global rating scale, ECT-OSATS. (For the ECT-OSATS Checklist, see Appendix, Supplemental Digital Content 3, at http://links.lww.com/JECT/A10; for the ECT-OSATS Global Rating Scale, see Appendix, Supplemental Digital Content 4, at http://links.lww.com/JECT/A11.) The OSATS was chosen as a model for the development of our assessment instruments because the content of that scale relates closely to the technical skills assessed in the current study, and there is a substantial body of evidence supporting the reliability and validity of the OSATS.
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Both standardized tests were created by unanimous consensus over each item of the scales to assist the trainers and raters with each aspect of the candidate's ECT experience, and both were adapted from Grober et al. 24 The behavioral anchors used to define performance on the scales were clearly observable and easily rated. This greatly facilitated ease of use and interrater reliability, which was tested multiple times before the actual study day. The ECT-Checklist has 20 items, which incorporate fundamental aspects of each ECT session, including skin and scalp preparation, electrode placement, stimulus dose strategies, seizure monitoring, missed or aborted seizures, and possible remedies. Each item on the checklist is rated as the candidate is observed performing the procedure and is marked as ''done correctly,'' ''done incorrectly,'' or ''not done.' ' The global performance was then rated immediately following the completion of the procedure using the OSATS-ECT, to help the assessor evaluate 5 global domains. These domains are ''respect for patient,'' ''efficiency,'' ''knowledge,'' ''communication,'' and ''overall impression of performance.'' The 5 global domains capture each of the 7 aspects of the CanMEDS Physician Competency Framework developed by The Royal College of Physicians and Surgeons of Canada (RCPSC): (1) medical expert (knowledge), (2) communicator (communicator), (3) collaborator (advocate, communicator), (4) manager (efficiency), (5) health advocate (communicator), (6) scholar (knowledge), and (7) professional (respect). The ''final global rating'' is based on an integration of ratings of the 5 global domains of the OSATS-ECT and observations from the ECT-Checklist. It is a dichotomous ''pass or fail'' outcome, based on the examiner's integrated impression of the evidence of both scales. It indicates whether the examiner feels that the candidate would be safe to perform ECT independently on the next live patient or not.
Outcome MeasuresVAssessment Instruments
The independent variable was the type of training received, and the primary outcome was the score on the ECT-OSATS at posttraining, as a measure of ECT technical skills acquisition. The self-rating of level of confidence in conducting ECT was used as a secondary measure of ECT skills and knowledge acquisition. The primary research question was answered by comparing the mean differences in performance using a t test for independent groups with > set to 0.05. We were aware of no studies that have systematically evaluated the relative educational effectiveness of simulator versus nonsimulator training for ECT. However, there have been many studies looking at the effect of using simulators to teach technical skills in surgery, anesthesia, and medicine, which are based on effect sizes, which are typically in the range of 0.8 to 2.0. 25Y27 Although our testable null hypothesis was that there would be no difference in performance between our 2 teaching interventions, we would consider an effect size of 1.0 to be significant enough to warrant a change in standard educational practice. Based on an > = 0.05, power = 0.8, and an estimated effect size of d = 1.0, we estimated 13 residents would be required to address this research question. However, because of program capacity constraints, only 12 residents per group were initially recruited. We recognize the approximate nature of the power calculations and estimated number of residents required (Fig. 1) .
RESULTS
Demographics
There were no differences between the experimental and control groups in any of the demographic data: sex (intervention group: male-female ratio = 4/6, control group = 1/8) (W 
Secondary Outcome Measures
ECT-OSATS Subscales
Each of the subscales of the ECT-OSATS showed a significant difference in performance between the 2 groups at the time of posttest when corrected for multiple tests (Bonferroni) ( Table 1) .
Confidence
There was no significant difference in mean confidence ratings at time of posttest between the intervention group (79. 
Checklist Scores
Of the 21 individual checklist items, only 2 showed significantly higher scores for the intervention group at the time of posttest when corrected for multiple tests (Bonferroni): ''electroencephalographic electrode placement sites'' (t 17 = 2.65, PG 0.05) and ''possible causes of missed or aborted seizure'' (t 17 = 2.25, P G 0.05).
Knowledge
For both groups combined, there was significant increase in knowledge scores from pretest (8. 
DISCUSSION
This carefully conducted randomized controlled study indicates that training clinicians to perform ECT using HPS is Reading from left to right, ''PT + confidence scale'' refers to the administration of the pretest and the confidence scale at 7:50 A.M., before the didactic sessions. Following orientation to the mannequins at 11:00 A.M., the experimental group proceeded to a 10-minute demonstration, and their HPS-based training in groups of 3, whereas the control group was exposed to standard training in sessions labeled S1, S2, and S3. Following lunch, participants in both groups were tested individually in blinded fashion, whereas the sequestered residents viewed relevant videos. At 4:50 P.M., participants were administered a posttest of knowledge and confidence (PT+), followed by a course evaluation (E).
feasible and effective with significant improvements in skills compared with traditional methods of training. The study has the potential to have a significant impact on the way ECT skills are taught to clinicians. A very interesting finding of this study is that the acquisition of skills in administering ECT seems to be independent of a clinician's level of knowledge and confidence in performing ECT. This is in line with other recent findings in medical education, which question the validity of self-assessed skills. 28 The usual method of teaching ECT, which is didactic lectures followed by small group learning, is effective in improving knowledge and confidence, but not necessarily the skills to perform ECT independently. In contrast, the HPStrained group was clearly superior compared with the usual method of teaching with respect to acquisition of ECT-related skills. This important and significant finding may have a major impact on how ECT skills are taught to clinicians to be safe ECT practitioners.
The reader should bear in mind the limitations of this study, including the fact that it was conducted at a single institution. Because of logistical reasons, the number of residents available for recruitment was limited, particularly for a planned 3-month retention test, which was therefore not completed. Despite this, this study yielded adequate statistical power to demonstrate a significant difference between groups on the main outcome variable. This study should be replicated at other institutions to test for generalizability and to allow for continued improvements in the assessment instruments.
The use of simulators as a training tool in anesthesia has proven efficacy on the immediate acquisition of technical skills 29 and has contributed significantly to their proliferation in Canada. 30 The use of HPS also allows for practice of scenarios, which are rare, unplanned, and critical for skills acquisition that trainees may not otherwise be exposed to. In contrast to the learning process that occurs during routine clinical care, HPSbased training can allow the trainees to participate during difficult scenarios without the fear of harming the patient or supervisor intervention. We anticipate that training clinicians to perform ECT with HPS will help close the gap in ECT skills, which is difficult to teach using traditional methods. We also predict that the ability to practice performing ECT on a patient simulator will allow trainees to feel more comfortable, confident, and knowledgeable when prescribing and performing this treatment. The use of a standardized assessment instrument for documenting performance of ECT will be a major step forward in ensuring adequate skills and knowledge of clinicians performing ECT safely. High-fidelity patient simulatorYbased ECT training and testing can also be used by institutions for credentialing of ECT practitioners for privileges to perform ECT and maintaining their privileges to do so. Smaller mental health programs would be able to send their staff for ECT training to a center with patient simulator facilities, confident with the knowledge that this training has been demonstrated to be effective.
In Canada, RCPSC 31 is responsible for setting the standards for specialty medical education in addition to monitoring lifelong learning for specialist physician members. At this time, none of the RCPSC documents outlining ECT training requirements for psychiatry residents or geriatric psychiatry subspecialty residents refer to specific training or testing requirements to perform ECT. The Structured Assessment of Clinical Evaluation Report 32 for PGY 4 and PGY 5 residents in general psychiatry simply requires residents to ''communicate a comprehensive treatment plan including biological therapies (pharmacotherapy, ECT, TMS [transcranial magnetic stimulation], etc).'' The Objectives for Training in General Psychiatry 33 require the resident to ''demonstrate a proficiency in implementing an effective management plan in collaboration with patients and their families, including assessing suitability for, prescribe and deliver appropriate somatic treatments (eg, ECT) across the life span.'' It also requires the resident to ''demonstrate effective, appropriate, and timely performance of therapeutic procedures relevant to psychiatry including, but not limited to ECT.'' The Final In-Training Evaluation Report/ Comprehensive Competency Report 34 for psychiatry residents requires them to be able to ''assess suitability for, prescribe and use appropriate somatic therapies (ECT).'' The newly approved subspecialty of geriatric psychiatry in Canada requires the resident in its Final In-Training Evaluation Report/Comprehensive Competency Report 35 to ''demonstrate safe, effective, appropriate, and timely performance of electroconvulsive therapy (ECT), minimizing risks and discomforts to elderly patients.'' The Objectives of Training in the Subspecialty of Geriatric Psychiatry 36 require the resident to be able to ''implement a management plan in collaboration with a patient and their family or other caregivers including assessing suitability for prescribing and delivering somatic treatments such as electroconvulsive therapy (ECT) in elderly patients.'' The Specific Standards of Accreditation for Residency Programs in Geriatric Psychiatry 37 specify that ''there should be active clinical teaching services in Psychiatry specialty areas of particular importance to geriatric psychiatry such as ECT.'' Incorporating specific and standardized training and testing requirements for residents and specialists in psychiatry would go a long way toward raising the bar for this highly effective but stigmatized treatment modality.
An intensely supervised ''hands-on'' training and assessment program in ECT have recently been proposed for introduction in the Royal Australian and New Zealand College of Psychiatrists Competency-Based Fellowship Program. 38 Similarly, the Royal Australian and New Zealand College of Psychiatrists recommends that nurses who serve as critical team members during the performance of ECT should be appropriately trained in modern ECT practice. 39 A recent Canadian study suggests that attitudes toward ECT increase favorably when individuals are provided with training and experience. 40 Live demonstration and viewing a videotape appear to be effective methods for teaching medical students about ECT. 41 Using a video or information pamphlet has the ability to increase students' knowledge and improve attitudes toward ECT. 42 The time has come for our professional regulating bodies to set more rigorous standards in training clinicians to perform ECT, the most invasive biological treatment modality in psychiatry. It is no longer acceptable to rely purely on a sense of confidence and knowledge in one's abilities to perform ECT. The skill to perform ECT competently and safely must be demonstrated using standardized assessment tools before being exposed to treatment of live patients. The authors suggest that the RCPSC and other similar regulatory bodies may wish to pay special attention to the results of this study with the goal of incorporating them into the core training requirements and credentialing for ECT.
